The Nigeria Research Reactor-1 (NIRR-1) is a low power miniature neutron source reactor (MNSR) located at the Centre for Energy Research and Training, Ahmadu Bello University, Zaria Nigeria. The reactor went critical with initial core excess reactivity of 3.77 mk. The NIRR-1 cold excess reactivity measured at the time of commissioning was determined to be 4.97 mk, which is more than the licensed range of 3.5-4 mk. Hence some cadmium poison worth À1.2 mk was inserted into one of the inner irradiation sites which act as reactivity regulating device in order to reduce the core excess reactivity to 3.77 mk, which is within recommended licensed range of 3.5 mk and 4.0 mk. In this present study, the burn-up calculations of the NIRR-1 fuel and the estimation of the core life time expectancy after 10 years (the reactor core expected cycle) have been conducted using the codes WIMS and CITATION. The burn-up analyses carried out indicated that the excess reactivity of NIRR-1 follows a linear decreasing trend having 216 Effective Full Power Days (EFPD) operations. The reactivity worth of top beryllium shim data plates was calculated to be 19.072 mk. The result of depletion analysis for NIRR-1 core shows that (7.9947 ± 0.0008) g of U-235 was consumed for the period of 12 years of operating time. The production of the build-up of Pu-239 was found to be (0.0347 ± 0.0043) g. The core life time estimated in this research was found to be 30.33 years. This is in good agreement with the literature
Introduction
The excess reactivity of the Miniature Neutron Source Reactor (MNSR) (which is comparable to Nigeria Research Reactor-1 (NIRR-1)) decreases with the reactor operating time due to the fuel burnup and accumulation of fission products in the reactor core. At NIRR-1 (Schematic diagram shown in Fig. 1 ), it is compensated by addition of beryllium reflector shim plates in a tray placed on top of the reactor core [25] . Long term reactivity compensation is achieved by the addition of one or more shims, as a top beryllium reflector. Shim addition to the reactor tray results in positive reactivity in core. Since the reactor safety operation limits do not allow the excess reactivity available in the core to be more than 4 mk, calculation of the shim reactivity worth is an important matter in the MNSR reactor [19] .
Attempts were made over the years to review the NIRR-1 core excess reactivity in order to ascertain if there is need to compensate for the loss of reactivity due to fuel burn-up and temperature coefficient have been reported [13, 6, 18] . As fuel depletes, top Be shim plates are added periodically to restore the excess reactivity for continuing operation. The maximum allowed excess reactivity at the beginning of each operating cycle is 4 mk [22, 8] .
Previously, Khattab and Dawahra [21] calculated the fuel burnup and radionuclide inventory in the Syrian miniature neutron source reactor (MNSR) after 10 years of operation time using GETERA code. The changes in the fuel group constants and infinite multiplication factor for the MNSR versus the burn-up time were calculated using the GETERA code. They found that the amounts of uranium-235 consumed and plutonium-239 produced in the MNSR core after 10 years of the reactor operating time were 7.481 g and 0.0458 g, respectively. They also show that the uranium burn-up percentage was 0.747%. The present study is geared towards estimating the NIRR-1 burn-up and core life-time expectancy using WIMS and CITATION codes. The computer codes are validated by calculating the effective multiplication factor as a function of burn-up by comparing the calculated values with the available data in the literature.
Abrefah et al. [1] , stated that for MNSR the end of core lifetime is reached when the excess reactivity of the core goes down to 2. 
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Theory and methods
NIRR-1 description and design
The NIRR-1 (Schematic and Sectional view shown in Figs. 1 and 2) is a 30 kW tank-in-pool MNSR. It is designed by China Institute of Atomic Energy (CIAE) [29, 15, 9, 5] . The reactor employs highly enriched uranium (HEU) as fuel, light water as moderator and coolant and metal beryllium as reflector [3] . It is designed with a lifetime core of 10 years before next cycle operations if it is operated at its maximum flux for 3 h a day, 3 days a week [25] . Heat generated in the core is removed through natural convection [4] . There are 10 irradiation sites in the reactor. Five of them are inside the annular beryllium reflector and the other five surround the annular beryllium reflector externally. The maximum thermal neutron fluxes in the inner and outer sites are 1.0 Â 10 12 and 5.0 Â 10 11 n/cm 2 s respectively.
The reactor first criticality was accomplished on February, 3, 2004 with initial core excess reactivity of 3.77 mk and has been working safely for Neutron Activation Analysis (NAA) and limited radioisotope production [14, 17, 9, 5] . The NIRR-1 cold excess reactivity measured at the time of commissioning was determined to be 4.97 mk, which is more than the licensed range of 3.5-4 mk. Hence some cadmium poison worth À1.2 mk was inserted into one of the inner irradiation sites which act as reactivity regulating device in order to reduce the core excess reactivity to 3.77 mk, which is within recommended licensed range of 3.5 mk and 4.0 mk.
The NIRR-1 uses highly enriched U-235 fuel in an Al cladding. A tank is immersed in a large pool of water, and the core is, in turn, immersed in the tank-an arrangement commonly called tank-inpool reactor [28] . The maximum nominal power is $30 kW which is equivalent to a thermal neutron flux of 1 Â 10 12 n.cm
À2
.s À1 in any of the 5 inner irradiation channels [13, 7] . For a typical MNSR, the central core consists of 347 fuel rods, with 4 tie rods and 3 dummy elements uniformly distributed on a total of ten concentric circles. The NIRR-1 has one central control rod made of cadmium and cladded with stainless steel. The rod performs shim, safety and regulatory control functions [24] . This makes the reactor safe and compact enabling it to be located in densely populated area without harm to the public [28] . The technical specification of NIRR-1 is shown in Table 1 .
Codes utilized in this study
The WIMSD lattice codes The WIMSD codes belong to the family of lattice codes called WIMS. The original WIMS code developed by AEE Winfrith [11] has been modified and adjusted to special types of problems through years. The version of the code available through the NEA Data Bank belongs to the WIMSD class and we limit our description to this version namely WIMSD-4. 
